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ABSTRACT

This study was carried out in the open Experimental Field of the Ornamental
Horticulture Department, Faculty of Agriculture, Cairo University, Giza, during the two
successive seasons of 1996/1997 and 1997/1998, with the aim of investigating the
effect of soil moisture content [irrigation when soil moisture content reached 30 50 or

70% of field capacity (F.C.)], and N fertilization levels [0, 5, 10 or 15 gm N/m? , applied
monthly using ammonium sulphate (20.5% N)] on the vegetative growth and chem:cal
composition of Bermudagrass (Cynodon dactylon L.) plants. At each irrigation, the
plants were watered with 25 litres of tap water/m?.

The following results could be obtained:

Irrigation when the soil moisture content reaches ?0% F.C., combined with
application of a relatively high N fertilization rate (15 g N/m?), resulted in the most
vigorous vegetative growth (in terms of plant height, as well as the fresh and dry
weight of clippings). However, turf colour was more sensitive to the N rate than to the
soil moisture level (within the tested range of soil moisture levsls), since the best
colour (i.e. the highest Ieaf pigments content) was obtained with fertilization using a
moderate N rate (10 g/m?), regardiess of the soil moisture level. Increasing the soil
moisture content caused a steady reduction in the soluble sugars content, but
increased the insoluble ones in the clippings. Also, the contents of soluble sugars,
insoluble sugars and total carbohydrates were steadily increased by raising the N
fertilization rate, with the highest N rate (15 g/m®) giving the highest values. In most
cases, the highest contents of nutrients (N, P and K) were obtained from plants
fertilized with the medium N rate (10 g!m ). The effect of soil moisture on the nutrients
content differed from one nutrient to another, since the highest mean concentrations
of N, P and K were obtained with irrigation at 30%, 70% and 50% F.C., respectively.
Keywords: turfgrass, Bermudagrass, soil moisture, fertilization.

INTRODUCTION

Bermudagrass (Cynodon dactylon L.) is one of the most popular
turfgrasses belonging to the Poaceae (Gramineae) family. It is used
extensively in the design of landscape projects and sport fields, and is well
suited to the Egyptian environmental conditions, especially in areas with mild
winter temperatures, such as coastal regions of the Red Sea, where a large
scale urban development (including the establishment of new cities and
touristic resorts) takes place.
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Proper maintenance of the turfgrasses is essential for keeping a -
healthy lawn appearance. Fertilization and irrigation are among the most
important cultural practices needed by turfgrasses. Chemical nitrogenous
fertilization is especially important for maintaining vigorous vegetive growth*
since the food reserves in turfgrasses are frequently removed by mowing.
The importance of nitrogenous fertilization to the growth of different turfgrass
species has been investigated by several investigators [Hossni (1993) on
Cynodon dactylon L., Saleh (1893) on ryegrass, Carrow (1994), on
bentgrass, Huang and Petrovic (1995) on Agrostis palustris, and Soliman
(1997) on ryegrass].

Irrigation is also very important to the growth and development of *
turfgrasses, since rainfall is usually scarce in most parts of Egypt. Moreover,
the high summer temperatures lead to rapid vegetative growth and high
evapotranspiration rates, both of which require an efficient irrigation program -
which ensures that the soil moisture content is kept at a level sufficient for
supplying the plants with their water requirements. The effect of different
irrigation regimes on the growth and development of turfgrasses has be
studied by several researchers [Schmidt and Snyder (1984) on Agrostis
palustris, Meyer and Gibeault (1987) on hybrid Bermudagrass, Lodge and
Lawson (1993) on a mixed sward of Festuca rubra, Agrostis castellana and
A. capillaris, McKenney and Zartman (1997) on Buchloe dactyloides and
Cynodon dactylon, and Ruemmele and Amador (1998) on bentgrass].

This study was conducted with the aim of investigating the effect of
different soil moisture levels and nitrogenous fertilization treatments on the
vegetative growth and chemical composition of Bermudagrass (Cynodon
dactylon L.).

MATERIALS AND METHODS

This study was carried out in the open Experimental Field of the
Ornamental Horticulture Department, Faculty of Agriculture, Cairo University,
Giza, during the two successive seasons of 1996/1997 and 1997/1998. The
aim of this study was to investigate the effect of irrigation at 3 levels of soil
moisture [30, 50 and 70% of field capacity (F.C.)], and 4 levels of nitrogen
fertilization (0, 5, 10 and 15 gm N/m?) on the vegetative growth and chemical
composition of Bermudagrass (Cynodon dactylon L.) plants.

The soil of the experimental area was well prepared, then divided to '
square plots (1 x 1 m), which were separated from each other using acrylic
sheets placed vertically into the soil to a depth of 35 em. The mechanical and
chemical characteristics of the soil in the experimental area are shown in -
Table (A).

Seeds of Bermudagrass (Cynodon dactylon L.), produced by Genetics
International Inc., California, U.S.A., were sown on September 28", 1996,
and germinated after one week. In both seasons, the irrigation and
fertilization treatments were started on April 10™, and were terminated on
November 10™. The plants were irrigated with 25 litre water/m? at the 3 levels,
of soil moisture content (S.M.C.): 30, 50 and 70% of field capacity. Soil
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moisture contents were measured using a tensiometer. Chemical
composition of the tap-water used for irrigation is shown in Table (B). Under
each level of soil moisture, plants were fertilized with ammonium sulphate
(20.5% N) at the rates of 0, &, 10 and 15 gm N/m?, applied monthly starting
from April to October (in both seasons).

Table (A): Physical and chemical characteristics of the soil used for
growing Bermudagrass (Cynodon dactylon L.) during the
1996/1997 and 1997/1998 seasons..

Partical size distribution (%) Texture |CaCO; (mﬁ;ﬁ;:sl .
Sand Siit Clay class (%) cm)
51 8 41 Sandy-clay 2.4 0.71 7.7
§ . Macro-
Cations Anions -
(meq/1) (meg/1) ele';:'err.\ts Micro-elements (ppm)
Ca |Mg | Na [K'|CO;"" | HCO;~ Cl" SO, | N P K Fe Cu | Zn | Mn
2910112213 - 12 | 25| 28 | 30 [79.3/800]/159]1.52] 4 |204

Table (B): Chemical composition of the tap water used for irrigation of
Bermudagrass (Cynodon dactylon L.) during the 1996/1997
and 1997/1998 seasons.

E.C. . =
Cations Anions S.S.
pH (m *S.A.R.
mhos/cm) (meq/1) (meg/1) (%)
Cav Mg ¥*TNa'| K® [CO,""]HCOs] CI~ |SO, "
i s 18 | 1.2 | 15 0.8 55 i35 13| & |o0%2

*S.A.R. = Sodium adsorption ratio S.S. = Soluble sodium

The design of this experiment was a split plot design, with 12
treatmenst (3 soil moisture levels X 4 fertilization treatments) and 3
replicates. The main plots were assigned to the irrigation treatments, while
the sub-plots were assigned to the fertilization rates. The main plots were
arranged in a completely randomized design.

Mowing was started when the plants reached a height of 5 cm before
fertilization. In each season, the turfgrass was mowed every 15 days to a
height of 2 cm, beginning from April 10" to November 10" (14 cuts per
season). The recorded data included plant height (cm) immediately before
each mowing, as well as the fresh and dry weights of clippings (g) after each
mowing. The dry weight of clipping samples was recorded after drying in an
oven at 70° C for 72 hours. Also, dried grass samples were ashed at 600° C
in a muffle furance, and the ash content in the dry matter was recorded.

Chemical analysis of the fresh leaf samples was also conducted to
determine their contents of pigments (chlorophyll a, b and carotenoids), as
mg/g f.w., according to Saric et al.,, (1967), while dried leaf samples were
chemically analyzed to determine their contents of soluble and insoluble
sugars (using the method described by Smith et al., 1956). In addition, the
nutrients were extracted from dried leaf samples using the wet digestion
procedure  described by Piper (1947), and the nitrogen content was
determined using the micro-Kjeldahl method outlined by Pregl (1943). The
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phosphorus content was also estimated using the method described by King -
(1951), while the potassium content was determined using an Atomic
Absorption Flame Emission Spectrophotometer (Schimadzu, Model AA.
646). <
A combined analysis of data variance was carried out according to the
procedure outlined by Snedecor and Cochrane (1980), and the means were
compared using the “new least significant difference (New L.S.D.)" test at the,
5% level, as recommended by Waller and Duncan (1969).

RESULTS AND DISCUSSION

I- Vegetative growth
1. Plant height

Results recorded in the two seasons (Table 1) show that signiﬁcant'
differences were detected between the heights of Bermudagrass plants
irrigated at the three soil moisture levels. In both seasons, plant height was
gradually increased as the moisture level increased in the soil. Accordingly,
plants irrigated at the highest moisture level (70% F.C.) were significantly
taller than those irrigated at the lower soil moisture levels (30% or 50 % F.C.).

Regarding the effect of N fertilization on plant height, the data in Table
(1) show that in both seasons, plants supplied with the different fertilization
treatments were significantly taller than the unfertilized plants. Moreover,
raising the N fertilization rate caused a steady increase in plant height, i.e. the
tallest plants were those supplied with the highest N rate (15 g N/m?). These
results are in agreement with those obtained by Hossni (1993) on Cynodon -
dactylon L., Saleh (1993) on ryegrass, Huang and Petrovic (1995) on
Agrostis palustris, and Soliman (1997) on ryegrass.

Data recorded on the interaction between the irrigation and nitrogen .
fertilization treatments (Table 1) reveal that the most unfavourable
combination of treatments (i.e. giving the shortest plants) was supplying the
plants with no fertilization (control) and watering them at the lowest soil
moisture level (30% F.C.). On the other hand, the tallest plants were those
supplied with the highest fertiliation rate (15 gm Nlmz) and irrigated at the
highest moisture level (70% F.C.). It is also clear from the presented data
that, in general, increasing the moisture level reduced the demand for
nitrogenous fertiliztion needed to give the same plant height as that obtained
with relatively high fertilization rates combined with low moisture level. For
example, the height of plants irrigated at the lowest soil moisture level (30%
F.C.) and supplied with the highest N rate (15 gm) was equal to that of plants
irrigated at the medium soil moisture level (50% F.C.) and fertilized with the”
medium N rate (10 gm), and was nearly equal to that obtained when the
lowest N rate (5 gm) was combined with the highest moisture level (irrigation
at70% F.C.).

2. Fresh and dry weights of clippings
Data presented in Table (1) reveal that irrigation at the different soil
moisture levels led to significant differences in the fresh and dry weights of

clippings.
7290 ¥
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In both seasons, the values recorded for these two parameters showed
steady increases with increasing the soil moisture level, with plants irrigated
at the highest soil moisture content (70% F.C.) giving significantly higher
values than those irrigated at the lower soil moisture levels (30 or 50% F.C.).
These results coincided with the findings of Schmidt and Snyder (1984), who
concluded that growing Agrostis palustris under low soil moisture tended to
reduce foliage yields.

The results recorded in the two seasons (Table, 1) show also that
plants receiving the different fertilization treatments gave significantly heavier
fresh and dry weights of clippings, compared to those obtained from
unfertilized control plants. Even the lowest N fertilization rate (5 g N/m?) gave
values that were more than double those of the control (in both seasons). A
similar promoting effect of N fertilizer on clippings yield was reported by
Carrow (1994), on bentgrass, and Soliman (1997) on ryegrass. They
concluded that nitrogen fertilizer treatments increased plants fresh welght
over untreated plants. Moreover, raising the N fertilization rate resulted in
steady increases in the fresh and dry weights of clippings, with the highest
fertilization rate (15 g/m?) giving the highest mean values in both seasons.
The increase in fresh wmght of clippings was s:gnlf" icant when the N rate was
increased from 5 to 10 g/m? or from 10 to 15 g/m?. Similarly, the dry weight of
c:hpplng2 was increased significantly when the N rate was mcreased from 5 to
10 g/m*, but when the N rate was increased from 10 to 15 g/m?, the increase
in dry weight was insignificant. These results are in agreement with those
obtained by Hossni (1993) on Cynodon dacytlon, Saleh (1993) on ryegrass,
and YuFen and JiXiong (1994) on Poa pratensis.

Regarding the interaction between irrigation levels and fertilization
treatments, the recorded data (Table, 1) show that plants grown under low
levels of soil moisture (irrigation at 30% F.C.) and nitrogenous fertilization
(control) gave the lowest fresh and dry weights of clippings. Raising the soil
moisture level and/or the N fertilization level resulted in steady increases in
the recorded values. Accordingly, plants supplied with the hlghest levels of
soil moisture (irrigation at 70% F.C.) and fertilization (15 g N/m?) gave the
heaviest fresh and dry weights of clippings. Within each soil moisture level,
any increase in N fertilization rate caused a significant increase in the
clippings fresh weight. Also, within each N fertilization level, any increase in
soil moisture level caused a significant increase in clippings fresh weight. In
most cases, the response of clippings dry weight to changes in soil moisture
or N fertilization levels was similar to that of clippings fresh weight. The only
exception to this general trend was observed with increasing the N
fertilization level from 10 to 15 g N/m? (regardless the soil moisture level),
which led to insignificant increases in clippings dry weight.

Il. Chemical composition
1. Ash content
Data in Table (2) reveal that although the mean ash contents obtained
with the different irrigation treatments appear to be almost similar, the
differences between the recorded values were statistically significant.
Moreover, the ash content increased steadily as the irrigation level increased,
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with the highest soil moisture level (irrigation at 70% F.C.) giving the highest
mean values in both seasons.

The results recorded in the two seasons show also that the different N
fertilization treatments resulted in significant increases in the ash content,
compared to that of unfertilized control plants. Among the different fertilization
treatments, supplying the plants with the medium N rate (10 g N/m2) gave the
highest mean values in both seasons, followed by the highest N rate (15 g
N/m?), whereas the lowest N fertilization rate (5 g N/m®) was the least
effective one (in terms of increasing the ash content).

The different combinations of irrigation and fertilization treatments also
had a significant efiect on the ash content. In both seasons, unfertilized
plants grown at the lowest soil moisture level (irrigation at 30% F.C.) had the
lowest ash content, whereas the highest value was obtained from plants
grown at the highest moisture level (irrigation at 70% F.C.), and fertilized with
the medium N rate (10 g N/m?).

Table (2): Effect of irrigation and nitrogen fertilization treatments on
the ash content of Cynodon dactylon L. clippings during
the 1996/1997 and 1997/1998 seasons.

Fertilization Ash content (% of dry matter)
teatmonis First season (1997) Se;::ond season (1998)
B) Irrigation (A) Mean Irrigation (A) Mean
30% | 50% | 70% (B) 30% | 50% | 70% (B)
Control 9.71 9.96 | 10.23 | 997 | 958 | 9.88 | 10.14 | 9.87
5 g N/m* 10.04 | 10.33 | 10.55 | 10.31 | 992 | 10.19 | 10.35 | 10.15
10 g N/m® 10.59 | 10.90 | 11.19 | 10.89 | 10.49 | 10.81 | 11.07 | 10.79
15 g N/m® 10.37 | 10.61 | 10.78 | 10.59 | 10.32 | 10.57 | 10.72 | 10.54
Mean (A) 10.18 | 1045 | 1069 | --—- 10.08 | 10.36 | 10.57 —
New L.S.D.
(0.05)
A 0.012 0.008
B 0.012 0.009
AXB 0.021 0.017

2, Leaf pigments content
a. Chlorophylis [a, b and total chlorophyll (a+b)] content

Data presented in Table (3) show that in both seasons, the chlorophylls
content was increased steadily as the soil moisture level was increased (with
irrigation at 30%, 50% or 70% F.C.). However, in many cases the increases
recorded in the chlorophyll content were insignificant. For example, non-
significant differences were recorded between the chlorophyll “b” contents at
the three irrigation treatments (in both seasons). Also, the chlorophyll “a" and
the total chlorophyll ("a” + “b”") contents showed no significant increase when
the soil moisture level was increased from 50% to 70% F.C. On the other
hand, the chlorophyll “a” and the total chlorophyll (“a” + “b”) contents were
significantly lower at the lowest soil moisture level (irrigation at 30% F.C.),
when compared to the values obtained with irrigation at 50 or 70% F.C.
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Table (3): Effect of irrigation and nitrogen fertilization treatments on the
contents of chlorophyll “a”, chlorophyll “b”, total .
chlorophyll (a + b) and carotenoids in Cynodon dactylon L.

clippings during the 1996/1997 and 1997/1998 seasons.
Fertilization First season (1997) Second season (1998)
treatments Irrigation (A Mean Irrigation (A) Mean
(B) 30% | 50% | 70% | (B) [ 30% | 50% | 70% (B)
Chiorophyll “a” content (m fresh matter)
Control 1340 | 1.376 ] 1.369 | 1.361 | 1.332 | 1.345 | 1.399 1.358
| 5g N/im* 1463 | 1.487 | 1.504 | 1.484 | 1.479 | 1.435 | 1.501 | 1.471
10 g N/m° 1670 | 1.659 | 1.671 | 1.666 | 1.725 | 1.686 | 1.673 | 1.694
15 g N/m* 1607 | 1625 | 1612 | 1.614 | 1.487 | 1659 1.596 | 1.580
Mean (A) 1.520 | 1.536 | 1.539 - 1505 | 1.531 | 1.542
New L.S.D. (0.05)
A 0.016 0.016
B 0.013 0.036
AXB 0.034 0.070
Chiorophyll “b” content (mg/g fresh matter)
Control 0453 | 0465 | 0.467 | 0.461 | 0.445 | 0.458 | 0.461 | 0.454
5 g N/m* 0518 | 0.534 | 0.555 | 0.535 | 0.519 | 0.531 | 0.562 | 0.537
10 g N/m* 0672 | 0.673 | 0.670 [ 0.671 | 0.677 | 0.681 | 0.672 0.676
15 g N/m* 0672 | 0653 | 0.638 | 0.654 | 0.661 | 0.672 | 0.622 | 0.651
Mean (A) 0578 | 0.581 | 0.582 | --- 0.575 | 0.585 | 0.579
New L.S.D. (0.05)
A N.S. N.S.
B 0.005 0.009
AXB 0.009 0.018
Total chlerophyll content (mal/g fresh matter)
Control 1794 | 1.842 | 1.838 | 1.824 | 1.778 | 1.803 | 1.860 | 1813
5 g N/m* 1982 | 2.021 | 2.059 | 2.020 | 1.998 | 1.967 | 2.064 | 2.009
10 g N/m* 5342 | 2.332 | 2.342 | 2.338 | 2.402 | 2.367 | 2.345 | 2.371
15 g N/m* 2280 | 2.278 | 2.251 | 2.269 | 2.148 | 2.333 | 2.220 2.233
Mean (A) 2009 [ 2118 | 2122 | - 2.081 | 2.117 | 2.122
New L.S.D. (0.05)
A 0.017 0.020 :
B 0.016 0.039
AXB 0.031 0.075
Carotenoids content (mgl/g fresh matter)
Control 0.520 | 0.571 | 0.582 | 0.557 | 0.416 | 0.470 0.469 | 0.451 .
[ 59 N/m* 0658 | 0.730 | 0.739 | 0.709 | 0.567 | 0.662 | 0.678 0.635
10 g N/m* 0.981 | 0.982 | 0.978 | 0.980 | 0.976 | 0.947 | 0.944 0.955
15g Nim* 0884 | 0.948 | 0.903 | 0.911 [ 0.794 | 0.826 | 0.787 | 0.802
Mean (A) 0.760 | 0.807 | 0.800 --- 0.688 | 0.726 | 0.719 -
New L.S.D. (0.05)
A 0.025 0.036
B 0.026 0.033
AXB 0.071 0.078 .

Regarding the effect of N fertilization on chlorophylls content, data -
recorded in the two seasons (Table, 3) show that plants receiving the _
different N fertilization treatments had significantly higher chlorophyll (a, b

7294



J. Agric. Sci. Mansoura Univ., 29 (12), December, 2004

and total chlorophyll) contents than that of unfertilized control plants in both
seasons.Moreover, raising the N fertilization rate from 0 (control) to 50r10g
N/m? resulted in steady significant increases in the chlorophyll contents.
However, a further increase in the N rate from 10 g N/m? to the highest level
(15 g N/m?) caused a reduction in the chlorophylls content. Accordingly, the
highest values were obtained from the plants fertilized with the medium N
rate (10 g N/m?), followed by those fertilized with the highest rate (15 g N/m?).

The promotion in the synthesis and accumulation of chlorophyll as a result of
chemical N fertilization may be attributed to the role played by nitrogen as an
essential component in the structure of porphyrines, which are found in many
metabolically active compounds, including chlorophylls. Chlorophylls are
bound to, and perhaps even embedded within protsin molecules (Deviin,
1975). The favourable effect of fertilization treatments on the chiorophylls
content (and consequently the turf colour) is in agreement with the results
reported by Christians et al. (1981) on Agrostis palustris, Nelson and Sosulski
(1984) on Poa pratensis, Hossni (1993) on Cynodon dactylon, Saleh (1993)
on ryegrass turf, Goatley et al. (1994) on Cynodon dactylon, and Soliman
(1997) on Lolium perenne.

Considerable differences were also detected between the chlorophyll
contents in plants receiving the different combinations of irrigation and
fertilization treatments. In both seasons, the lowest contents of chlorophyll
“a", chlorophyll “b” and total chlorophyll were found in leaves of unfertilized
control plants that were irrigated at the lowest soil moisture content (irrigation
at 30% F.C.). On the other hand, the highest chlorophyll contents were
obtained in plants supplied with the medium N fertilization level (10 gfmz) and
irrigated at 30, 50 or 70% F.C. (with no significant difference between the
values resulting from these three treatment combinations).

b. Carotenoids content

Data recorded in the two seasons (Table, 3) show that raising the soil
moisture level from 30 to 50% significantly increased the carotenoids content.
However, a further increase in the soil moisture content from 50 to 70% F.C.
caused a slight (insignificant) reduction in the recorded values. Accordingly, it
can be stated that irrigation at the medium soil moisture level (50% F.C.) was
the most effective irrigation treatment for promoting the synthesis and
accumulation of carotenoids in the leaves of Cynodon dactyion, followed by
irrigation at the highest soil moisture level (70 % F.C.).

The effect of N fertilization treatments on the carotenoids content
(Table 3) was generally similar to their effect on the chlorophyll contents. In
both seasons, unfertilized control plants had significantly lower carotenoids
contents than those plants supplied with the different fertilization treatments.
This favourable effect of N fertilization on the carotenoids content is in
agreement with results obtained by Saleh (1993) on ryegrass, and Soliman
(1997) on Lolium perenne. Also, the recorded values showed a steady
increase as the N rate was raised from O (control) to 5 or 10 g!mz, but a
further increase in the N rate from 10 to 15 gim2 significantly decreased the
carotenoids content (compared to that obtained with N fertilization at 10
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g/m?). A similar reduction in the carotenoids content as a result of raising
nitrogen levels was reported by Hossni (1993) on Cynodon dactylon plants.

As for the interaction between soil moisture and fertilization treatments,
data in Table (3) show that within each level of soil moisture (irrigation at 30,
50 and 70% F.C.) the medium rate of N (10 g!mz) produced plants having the
highest carotenoids content, compared to that in plants receiving any other
combination treatments. Among the different treatment combinations,
combining fertilization using the medium N rate (10 g/m?) with irrigation at 30,
50 or 70% F.C. gave the highest carotenoids contents (with non-significant
differences between these three treatment combinations). In contrast,
unfertilized control plants grown at the lowest soil moisture level (irrigation at
30% F.C.) gave the lowest values in both seasons.

3. Carbohydrates (soluble, insoluble sugars, and total carbohydrates)
contents in clippings

Chemical analysis of dried clipping samples has shown that the different soil
moisture treatments had a significant effect on their carbohydrates (soluble,
insoluble and total carbohydrates) contents (Table 4). In both seasons,
raising the soil moisture level from irrigation at 30% F.C. to irrigation at 50%
or 70% F.C. resulted in a steady decrease in the content of soluble sugars,
but increased that of insoluble sugars. In most cases, the values recorded
with the different soil moisture levels were significantly different. The only
exception to this general trend was detected in the first season, with plants
irrigated at 50% F.C. having a soluble sugars content (6.695% of dry weight)
that was not significantly different from that of plants irrigated at 70% F.C.
(6.640% of dry weight). On the other hand, the effect of soil moisture on the
total carbohydrates content differed from one season another. In the first
season, irrigation at 30% F.C. gave the highest value, followed by irrigation at
70% (with non-significant differences between the two values), whereas the
lowest value was obtained from plants irrigated at 50% F.C. In the second
season, however, the total carbohydrates content was increased steadily by
raising the soil moisture level, with the highest moisture level (irrigation at
70% F.C.) giving the highest value.

The different fertilization treatments also had a significant effect on the
contents of soluble, insoluble and total carbohydrates (Table, 4). In both
seasons, the synthesis and accumulation of carbohydrates were generally
promoted by N fertilization, with the different N rates giving significantly
higher values than those found in unfertilized control plants. Moreover,
increasing N fertilization rate from 0 (control) to 5, 10 or 15 g/m? resulted in
steady increases in the contents of soluble, insoluble and total carbohydrates,
with the highest N rate (15 g/m?) giving significantly higher mean values than
those obtained with any other N rate. The favourable effect of the different
fertilization treatments on the synthesis and accumulation of carbohydrates
may be aitributed to the increase in the chlorophylls content of fertilized
plants, and to the role played by nitrogen in the structure of porphyrine
molecules (as previously mentioned), which are found in the cytochrome
enzymes essential for photosynthesis. The increase in the content of
chlorophylls and cytochrome enzymes results in an increase in the rate of
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photosynthesis, and a promotion of carbohydrates synthesis and
accumulation (Devlin, 1975). The increase in the content of carbohydrates as
a result of N fertilization treatments is in agreement with the findings of
Hossni (1993) on Cynodon dactylon, as well as Saleh (1993) and Soliman
(1997) on Lolium perenne plants.

Regarding the interaction between soil moisture levels and N
fertilization rates, data presented in Table (4) show that the various treatment
combinations had different effects on the different types of carbohydrates. For
example, the highest soluble sugars content (m both seasons) was found in
plants fertilized with the highest N rate (15 glm ) and grown at the lowest soil
moisture level (irrigation at 30% F.C.), whereas the highest insoluble sugars
content was obtained from plants fertilized with the same N rate (15 g/m?) but
grown at the highest soil moisture level (irrigation at 70% F.C.). Also, the
lowest soluble sugars content (in both seasons) was obtained from
unfertilized control plants grown under the highest soil moisture level
(irrigation at 70% F.C.), whereas the lowest insoluble sugars content was
found in unfertilized plants that were grown under the lowest soil moisture
level (irrigation at 30% F.C.). On the other hand, the effect of the different
treatment combinations on total carbohydrates content varied slightly from
one season to another. In the first season, the highest total carbohydrates
content was obtained in plants grown at the lowest soil moisture Ievel
(irrigation at 30% F.C.) and fertilized with the highest N rate (15 glrn)
whereas the lowest value was obtained in unfertilized control plants grown at
the medium soil moisture level (irrigation at 50% F.C.). In the second season,
however, the highest value was obtained in plants grown at the medium soil
m0|sture level (irrigation at 50% F.C.) and fertilized with the highest N rate
(15 glm) whereas the lowest value was obtained in unfertilized control
plants grown at the lowest soil moisture level (irrigation at 30% F.C.).

4. Nutrient contents
a. Nitrogen

Data in Table (5) show that the nitrogen content in Bermudagrass was
significantly affected by soil moisture levels. In both seasons, plants grown
under the low soil moisture level (irrigation at 30% F.C.) had the highest N
percentages, followed by plants grown under the highest soil moisture level
(irrigation at 70% F.C.), whereas plants grown at the medium soil moisture
level (irrigation at 50%) gave the lowest values. However, the differences
between values recorded with the medium and high soil moisture levels
(irrigation at 50 or 70% F.C.) were insignificant in both seasons.

The N content was also significantly affected by the N fertilization
treatments. In both seasons, unfertilized control plants had significantly lower
N contents than those receiving the different N fertilization rates. Similar
increases in the N content of plants receiving N fertilization have been
reported by Anstett (1981) on some turfs, Hossni (1993) on Cynodon
dactylon, and Saleh (1993) and Soliman (199?) on Lolium perenne. Among
the tested N rates, the highest one (15 g N/m?) gave the highest value in the
first season, whereas the medium rate (10 g N/m?) gave the highest valiue in
the second season. On the other hand, the least effective N rate in both
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seasons, in terms of increasing the N content, was the lowest rate (5 g Nlm ).
The superior effect of relatively high N concentrations (10 or 15 g N/m?) on
increasing N absorption and assimilation, compared to that of lower N rates,
is in agreement with the findings of Boonduang et al. (1976) on Cynodon
dactylon, Leyer and Skirde (1980) on Lolium perenne and Poa pratensis, and
Leyer (1980) on a turfgrass consisting of Lolium perenne, Poa pratensis cv.
Pac. and P. pratensis cv. Kimono.

Regarding the interaction between the soil moisture and fertilization
treatments on the N content, the data presented in Table (5) show that the
recorded results differed from one season to another. In the first season, the
interaction between these two factors was insignificant, with unfertilized
control plants grown under the medium soil moisture level (irrigation at 50%
F.C.) giwng the lowest value, whereas plants supplied with the highest N rate
(15 glm ) and grown under the highest soil moisture level (irrigation at 70%
F.C.) had the highest N content, followed by plants supplied with 10 g N/m?
and grown under the lowest soil moisture level (irrigation at 30% F.C.). On
the other hand, a significant interaction was detected in the second season
between the soil moisture levels and N fertilization rates on the N content. As
in the first season, the lowest value in the second season was obtained from
unfertilized control plants grown under the medium soil moisture level
(irrigation at 50% F.C.). However, the hlghest value in the second season
was found in plants fertilized with 15 g N/m? and grown under the lowest soil
moisture level (irrigation at 30% F.C.). Non-significant difference was
detected in the second season between the N content in these plants and
that found in plants grown under the same soil moisture level (30% F.C.) and
supplied with lower N rates (5 or 10 g/m?), or plants grown at the highest soil
moisture level (irrigation at 70% F.C.) and fertilized with 10 g N/m?.

b. Phosphorus

The results recorded in the two seasons (Table, 5) show that the P
content in clippings was steadily increased by increasing the soil moisture
content. Accordingly, the highest P content was found in plants irrigated at
70% F.C., which gave significantly higher values than those obtained from
plants irrigated at 30 or 50% F.C.

The data in Table (5) show also that the P content was significantly
increased by the different N fertilization treatments, compared to the control
(in both seasons). Moreover, ralsmg the N application rate to 5 or 10 glm
resulted in steady significant increases in the recorded values. However, a
further increase in the N rate from 10 to 15 gfm caused a slight (insignificant)
decrease in the P content. The increase in the P content as a result of
applying the different fertilization treatments is in agreement with the results
obtained by Abdalla (1966) and Goatley et al. (1994) on Cynodon dactylon,
and Soliman (1997) on Lolium perenne.

Non-significant interactions were detected between the soil moisture
and N fertilization on the P content in clippings. In both seasons, the lowest P
content was found in unfertilized control plants grown under the lowest soil
moisture content (irrigation at 30% F.C.), whereas the highest value was
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obtained from plants fertilized with 10 g N/m? and grown under the highest
soil moisture level (irrigation at 70% F.C.).

c. Potassium

Chemical analysis of dried Bermudagrass samples has revealed that
the soil moisture level had a significant effect on the K content. In both
seasons, plants grown under the medium soil moisture level (irrigation at 50%
F.C.) had the highest K content, followed by plants grown under the lowest
soil moisture level (irrigation at 30% F.C.), with non-significant differences
between values obtained for the two soil moisture levels. On the other hand,
increasing the soil moisture content to the highest level (irrigation at 70%
F.C.) resulted in lower K percentages, compared to values obtained at lower
soil moisture levels (irrigation at 30 or 50% F.C.).

The K content was also affected significantly by the different N
fertilization treatments (Table 5). In both seasons, unfertilized control plants
had significantly lower K contents than those fertilized with any of the tested
N rates. Moreover, the K content was steadily increased by raising the N rate
up to the medium rate (10 gfm ) which gave the hlghest values in both
seasons. Increasing the N rate from 10 to 15 g/m® resulted in a slight
(insignificant) decrease in the K content. Similar results were reported by
Hossni (1993) and Goatley et al. (1994) on Cynodon dactylon, and Soliman
(1997) on Lolium perenne.

A significant interaction was detected in the first season between the
soil moisture levels and the N fertilization treatments on the K content, with
the unfertilized plants grown under low or high moisture levels (i.e. irrigation
at 30 or 70% F.C.) having the lowest K content, whereas the hlghest value
was obtained from plants supplied with the medium N rate (10 glm ) and
grown under the medium soil moisture level (irrigation at 50% F.C.). The
results recoded in the second season followed an almost similar trend, but
the interaction was insignificant.

CONCLUSION

From the above results, it can be concluded that for the best
vegetative growth of Bermudagrass (Cynodon dactylon L.), the soil moisture
content should not be allowed to drop below 70% F.C., and the plants should
be fertilized with 15 g N/m%month, as this resulted in the most vigorous
vegetative growth (in terms of plant height, as well as the fresh and dry
weight of clippings). However, turf colour was more sensitive to the N rate
than to the soil moisture level (within the tested range of soil moisture levels),
since the best colour (i.e. the highest leaf pngments content) was obtained
with fertilization using 2 moderate N rate (10 glm ), regardless of the soil
moisture level.
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